In 1876 it was suggested by B~TSCHLI 1) that cell-division is brought about through an increase of surface-tension, subsequent to nuclear division, in the equatorial region of the egg. He pointed out that substances streaming from the nuclei or centrosomes must necessarily reach their highest concentration in the equatorial plane and hence, assuming that these substances increase the surface-tension at the surface of the egg, the most marked increase would occur in the equatorial region and, as a consequence, the surface-tension at the poles of the cell would be less than that at the equator.
In 1876 it was suggested by B~TSCHLI 1) that cell-division is brought about through an increase of surface-tension, subsequent to nuclear division, in the equatorial region of the egg. He pointed out that substances streaming from the nuclei or centrosomes must necessarily reach their highest concentration in the equatorial plane and hence, assuming that these substances increase the surface-tension at the surface of the egg, the most marked increase would occur in the equatorial region and, as a consequence, the surface-tension at the poles of the cell would be less than that at the equator.
Such a conception of cell-division is, however, manifestly erroneous, for an increase of surface-tension at the equator, such as BOTSCHLI imagines to occur, would result in a streaming of material towards the equator, while the equatorial surface would tend to become highly curved and the surfaces at the poles relatively flattened. The result would be the formation of a flattened disc with a highly curved edge, the latter representing what was formerly the equatorial surface of the egg. Such a process obviously could not lead to cell-division. In fact, since the substances which BiJTSCHLI imagines streaming from the nuclei or centrosomes arc supposed by him to raise the surface-tension their gross effect could only be to diminish the surface of the egg relatively to its volume; now in cell-division two spheres are produced from one of approximately l) BUTSCHLI, Abhandlungen d. SENCKENBERG. naturforsch. Gesel]sch. Bd. X; quoted after BOTSCI-]LI, Archiv f. Entw.-Mech. 10. {1900.) p. 52.
twice the volume of each of the daughter-cells; hence the gross effect of cell-division is an increase of surface and indicates, on the whole, a diminution rather than a'n increase in surface-tension.
In 1895 LOEB J) suggested that phenomena of streaming lead to cell-division; he pointed out that in cell-division the protoplasm streams fl'om the equator of the cell in opposite directions towards the two nuclei; the violence of these streaming movements, he suggested, brings about the mechanical separation of the two cells. This idea was subsequently adopted by Et~LANOER:) and CONKLIN~).
The streaming of protoplasm from the equator towards the poles suggests that the phenomenon antecedent to cell-division is a diminution of surface-tension in the equatorial region~) and not, as B/JTSCHLI suggests, an increase. That such equatorial diminution in surface-tension will bring about the division of droplets into two is very readily shown by means of the following simple experiment.
It is well-known from the experiments of QUINCKE 5) that the formation of soaps at the surface of oil-droplets results in a diminution of the surface-tension of the droplets; if the formation of soap is local that part of the surface upon which the soap is formed tends to spread. Since commercial olive oil almost invariably contains traces of fatty acid, the result of bringing an alkali in contact with a drop of such oil will be the formation of soap at the points of contact. If, now, a drop of olive oil which is not too large (about. 2 to 3 ram. diam.) be floated on a layer of water, and a thread saturated in N/10 alkali (Na0H, KOH) be brought gently in contact with a diameter of the drop, the almost immediate effect is the division of the drop into two. The phenomena accompanying this division are perfectly characteristic. Instantly the edges of the drop (the ends of the diameter along which the thread lies) recede from the thread, forming a notch at each end of the diameter, and violent streaming motions occur at the surface away from the thread and towards the opposite poles of the drop; these streaming-movements may be so violent as to rotate the droplets into which the drop divides through as much as 360 ~ . the division does not occur too rapidly the streaming may result in the two droplets being connected by a thread of oil, which may be central or to one side, and it may then be clearly seen that the mechanism which brings about the snapping of this thread is the violent streaming in opposite directions which takes place in the drops. Phenomena almost exactly resembling those described by LOEB in dividing ova ~) may readily be observed. Frequently processes resembling pseudopodia are thrown out by the droplets in the act of their division. The segmentation of the drop is not due to mechanical division by the thread, for, in the first place, the streaming phenomena etc. are obviously attributable to soap-formation and, in the second place, the phenomena observed when a thread, unwetted save with water, is laid across the drop are quite different fi'om those described above. The drop of oil adheres to the thread and forms an elongated ellipsoid, its long axis coinciding with the thread; in fact the drop of oil assumes somewhat the form which the cell would assume were the phenomenon subsequent to nuclear division, as BiJTSCHLI imagines, an increase in surface-tension at the surface of the equatorial layer.
If the drop of oil is too large the division may not be complete since in that case the depth of the drop may be greater than the thickness of the thread and the circumference of the thread does not, therefore, come into contact with a sufficient proportion of the equatorial surface of the drop.
The action of alkalies is not confined to those mentioned above but, apparently, the division and accompanying phenomena can be brought about by means of threads dipped in all bases which form soaps with fatty acids. Thus N/10 KOH, NaOH and a saturated solution of Ca(0H)2 all bring about the division although the division when Ca(0H)~ is used is less rapid than when N/10 ~Ta0H or KOH are used because the concentration of a saturated solution of Ca(0H)2 is only about N/20. The division and accompanying phenomena are also elicited in a marked degree by threads dipped in cholin.
Not only the bases but the soaps themselves bring about the division; thus if a thread smeared with cholin oleate be laid across the diameter of a drop of olive oil, even if the oil has previously been mixed with ~/4th its volume of oleic acid, the division of the drop will occur, although more slowly than when cholin itself is used.
This shows that the action of these bases is due to the soap which is formed when they come into contact with the oil and not to hydroxylions.
It has been pointed out by LOEB 1) that the most striking chemical phenomenon immediately succeeding fertilisation of the egg is an enormous synthesis of nuclear material. The egg divides into two, four, eight, sixteen etc. cells each containing a nucleus of approximately the same size as the mother-cell. Iquclein contains a large percentage of phosphorous and we are led to inquire from whence the cell derives the phosphorous wherewith to accomplish this enormous synthesis of nuclear material. As LOEB has pointed out 2) the phosphorous is net derived from phosphates in the sea-water since cell-division and development readily take place in vAN T' HOFF'S solution, which contains no phosphates. It is evident, therefore, that the phosphorous required for nnelein synthesis must be derived from some constituent of the cytoplasm of the cells. Since Lecithin is the constituent of cytoplasm which contains the greatest percentage of phosphorous and is, at the same time, notably abundant in embryonic tissue, MEISCHER 3) and LOEB 4) have suggested that the splitting of Lecithin affords the necessary supply of phosphorous. The fatty acid groups in Lecithin being, at the same time, the possible source of the carbohydrate groups in the nucleic acid molecule.
Since Lecithin is the di-stearyl or di-oleyl glycero-phosphatc of ~r J~(CnH2n-102)2~ ~ ,,Tr~r~ ~ ~ it follows that a splitteholin: '-3 us\~0. P 0 0 H. 0/"~2~-4~,~,~3"-,-~ ing up of the Lecithin molecule and the utilisation of the phosphoric acid group for the synthesis of nuclein would lead to the setting free of eholin or of a soap of cholin.
Immediately following upon the division of the nucleus we may suppose an active synthesis of nuclear material to be occurring in the two nuclear regions; hence, in these localities, provided that the above hypothesis be correct, cholin would be rapidly set free. If, t) j. LOEB 2) J. LOEB, Address delivered at the seventh International Zoological Congress, 1. c.
3) MEISCHER, quoted after LOEB, I. c. now, cholin be liberated at both nuclei and diffuses from each nucleus equally in all directions its maximal concentration must obviously occur in the equatorial plane at right angles to the line joining the two nuclei. We have seen'that cholin, when applied to the diameter of a droplet of liquid immiscible with water (provided soap is formed) results in the division of the drop along that diameter. It is possible that cholin, set free in nuclein synthesis, brings about, in a similar manner, the division of the cetI through the formation of soaps in the equatorial plane, either through combination with fatty acids in the cytoplasm or else through its having been liberated in the neighborhood of the nuclei in combination with one or more of the oleie acid or stearic acid groups of the Lecithin molecule. It is not even necessary to presuppose an actual separation of the two nuclei; it is only necessary to suppose that the nuclein synthesis occurs with greater rapidity at opposite poles than elsewhere within the nucleus in order to understand how nuclear division may be brought about by essentially the same mechanism as that which brings about cell-division itself.
Conclusions.
1) If a thread moistened with a base, or a sufficiently concentrated solution of the base, be laid across a diameter of a drop of oil containing a trace of fatty acid, the drop undergoes division along that diameter.
2) If the thread be merely smeared with a soap of the base, even in the presence of considerable excess of fatty acid, the same result is achieved; the effect is therefore due to soap formation and not to hydroxytions.
3) The mechanical division of the droplets is brought about by violent streaming movements from the equator of the drop towards the poles, due to the lowering of the surface-tension in the equatorial region brought about by the soap. It is pointed out that these facts confirm LOEB'S hypothesis that cell-division is brought about through the mechanical agency of streaming phenomena.
4) It is suggested that the equatorial lowering of surface-tension and consequent streaming phenomena which lead to cell-division are brought about by cholin or soaps of cholin liberated in the cell through the splitting of Lecithin in Nuclein synthesis.
Archly f. Entwicklungsmechanik. XXVIL 3 Zusammenfassung der Ergebnisse, 1) Wenn ein Faden mit etwas Alkali befeuehtet und auf einen Durchmesser eines (~ltropfens, der eine Spin" Fetts~iure enthi~lt, gelegt wird, so effolgt eine Teilung des Tropfens in dem Durchmesser.
2) Wenn der Faden mit einer Seife bedeckt wird, so wird dasselbe Resultat erzielt, selbst wenn ein erheblieher UberschuB yon Fetts~iure vorhanden ist; das sub 1 erwiihnte Resultat wird daher bedingt durch die Seifenbildung und nicht durch Hydroxylionen.
3) Die mechanische Teilung des Tropfens wird bewirkt durch heftige StrSmungen vom ~-quator des Tropfens gegen die Pole. Diese Str(imungen sind bedingt durch die Erniedrigung der 0berfliichenspannung in der J~quatorial-gegend infolge der Gegenwart der Seife. Es wird gezeigt, dab diese Tatsachen LOEBS Hypothese bestiitigen, dab Zellteilung durch die mechanische Wirkung yon Wirbelbewegungen bedingt ist. 4) Der Autor spricht die Vermutung aus, dab die Erniedrigung der 0ber-fl~tchenspannung in der ~_quatorialebene und die darauf folgenden Str(imungsbewegungen, welche zur Zellteilung fiihren, durch Cholin oder Cholinseifen bedingt sind, welche in der Zelle durch die Spaltung von Lecithin bei der Nucleinsynthese gebildet werden.
